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Diffraction at the Tevatron

Diffractive: Non-diffractive:
vacuum exchange color exchange

P

Goals of Diffractive Program at CDF:
To understand the nature of colorless exchange
To test the feasibility of diffraction as a tool to search
for new physics at the LHC
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Diffraction at CDF in Run |
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Single Diffraction
PRD 50, 5355 (1994)

Double Diffraction
PRL 87, 141802 (2001)

Double Pomeron EXxc.
PRL 93, 141601 (2004)
Multi-Gap Diffraction
PRL 91, 011802 (2003)

Rapidity Gap Tag

Y% PRL 78, 2698 (1997)
Dijets PRL 79, 2636 (1997)
b-quark PRL 84,232 (2000)
JA¥  PRL 87, 241802 (2001)
Roman Pot Tag

Dijets:

1.8 TeV  PRL 84, 5043 (2000)
630 GeV_PRL 88, 151802 (2002)

Jet-Gap-Jet

1.8 TeV PRL 74, 855 (1995)
1.8 TeV PRL 80, 1156(1998)
630 GeV PRL 81, 5278(1998)

Dijets:
1.8 TeV PRL 85, 4217 (2000)
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Tevatron:
Vs =1.96 TeV
396 nsec bunch spacing 36x36
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Cent. Calorimeter

MiniPlug
Calorimeter

Central
Tracker
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Run Il: Forward Detectors

L Run II
DIPGLE MAGNETS —— CDF » Roman ’ \2"'
Pots E Em 1o CDF
Acceptance
0.02<£<0.1 | Wb
O<[t|<2 GeV*
N TOMRLROTS Dipoles | __
_0.9; [ Scintillator fiber xy-tracker - BSC
x=u. 2701 pitch, 2 m lever arm o | W8/ 5.5<[N<7.5
Acceptance: 0 < |t| <2, 0.03<& < 0.1 = . - MiniPlug
B |
Scintillation counters: P || iy
detect particles traveling from IP along beam pipe
5.5 <|n| <7.5 coverage

= |

Christina Mesropian

ISMD 2006




The Diffractive Structure Function

o] |

P

P - Pomeron

parton x = &

B — fraction of P momentum
carried by parton
¢ — fractional momentum loss of P
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Hard diffraction:

production of high p; dijets

Diffractive dijets

o(pp — pX) = Fjj ® Fij ® o(ab — JJ)
Study the diffractive structure function

Fi =Fp (xQ%1,9)
Experimental Determination of F;’

o(SD;) FP(x,Q%9

o (X, 6) = = (LOQCD)
I:QND G(ND”) Fjj(X)Qz)
Data known PDF
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Run [lI: Diffractive Dijets £

Method

measure ¢ from calorimeter information

= ﬁ—E sum all towers except P
P 2
é M 1 -
P p é:,x = X ~ E I e_”
P s 4ls Z.: !

0 0

Process

MP energy scale: £25% —Alog¢ = £0.1

n n RP acceptance (0.03<¢<0.1) ~ 80% (Run I)
Non-Diffractive  Single-Diffractive CDE Run Il Prelimina
6 ry
(HD} (SD) ,,E " % —e— RPS + Jet5
o 10°L
Data: & P ol
ND : 1 SD : Y R R
. [ . g
J5 trigger : RP+JS trigger .
2] cal. tower leading EJr N S
with ET>5 GeV 10™ :_3
10
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Diffractive Structure Function

Data sample 128 pb- :

' | —a— CDF Run II preliminary (|r| [<2.5)
—»— CDFRunl (|r| [<4.2)
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C systematuc uncertamty +20% {norrn) + G% {slope) :
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107 10 x_ 107
Bi

Ratio of SD to ND dijet event rates
as a function of Xg;compared with Run I

No & dependence is observed within
0.03<€< 0.1

Confirms Run | result
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Ratio (SD/ AZ)/ND

CDF Run II Prellmmary

go E §—.—Q~ 100 GeV’ (EIEIS 12] GeV)
C i—I—Q 400 GeV? (E . = [18,25] GeV)
- §+Q 1600 GeV? (E; [35,50] GeV)
- g——Q :munrvz(r: e [50,70] GeV)
: : : : S+Q mmnrvz(r: € [70,90] GeV)
1 S R o e e —V—Q ll]ol]o(“c‘ (Er e[?allS](“cV)
10" MRS RN N A X o B W SO . ............ s
- il
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10 = 003‘& <009 .............. Booanocaasoand e . baffaamsasasons
= : : : : : : LA
= = ~=|5T>-2 ; ; : ; : ; :
B overall syst uncertamty +20% {norm) + E% {slope) :
10'3 : L 8§ n i L |: L1 | ; L I I Ll Ll
10° 10” x_ 107

Bj

Ratio of SD to ND dijet event rates
as a function of Xg; for different
values of Q* = E?

No significant dependence is
observed for 100<Q2< 10000 GeV?2

Pomeron evolves like proton?
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Diffractive Structure Function:

CDF Run Il Preliminary

CDF Run Il Preliminary m 2; RPS
e L —e— RP (Q=E2-1GeV?) 'E 1.8 :_0'05<?;E <0.08
= B : : : —s— RP+J5 (Q°=E2~225GeV?) 3 -
10* E ; E RP+J20 (Q°=E2~ 2 2.1.6—
S0 S (@°=E2~900GeV?) =
g B —=— RP+J50 (Q"=E2~4500GeV?) g 1.4
|t 2 1aF
_g. 103 L 31 2 —
k=] = -
-~ = Qo 1 - _____ e
35 L + ¢
) 0.8 RPS inclusive
10° —— 0O
= o norm. to unity and
= 0.6 2 2
B : : ; : g e ) o o set at Q"=1 GeV
B . g =0.4—
10 _statistical uncertainties only . ‘ : Q™
:I 11 1 L1 1 | | L1 |1 ‘ Ll 1 | | L1 |1 ‘ Ll 1 | | L1 |1 ‘ Ll 1 | ‘ L \.J_L_J L1 ¥ 0.2 _—
0 0.1 02 03 04 05 06 07 08 09 21 -
Itl (Gev’c} 0_ | | ol Lol Lol Lol
10° 10" 1 10 10 10° 10"
2
Q? (GeV?)

Fit d%t to a double exponential
F=09-€""+0.1-e>"

no diffraction dips same slope at t=0 for

entire region of
0< Q%< 4500 GeV?2

no Q? dependence in slope
from inclusive to Q>~10* GeV?
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Diffractive Higgs Production in DPE

Bialas and Landshoff
Khoze, Martin, Ryskin
Boonekamp, Peschanski, Royon

Attractive channel for Higgs discovery at LHC

Standard Model light Higgs:
p+p— p+H(—>bb)+p
“exclusive channel” —clean signal
My =My =(s:&, &)™

oo ~ 3 fb,

signal/background~3@LHC (if AM ; =1GeV)
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To calibrate Diffractive Higgs

predictions

|

exclusive production in DPE

Exclusive Dijets:
99™ — 99
large cross section

exclusive 99" —qQ

suppressed

Exclusive yy: 99" — py
small cross section

clean signal




Search for Exclusive Dijets

Method:
Select diffractive dijet events
produced by DPE

P+P—> P+ X(=2]jets,...)+gap
Data sample of 428 pb-!

p 1TF m {prot detected
I i 1
"o 0o n—o 77p
Reconstruct
R = ij , where

1]
X

M ;= /(Ej + Ejuz)® = (P + Py)” is a dijet mass

and M, 1s the mass of the system X

Compare
with inclusive DPE Monte Carlo POMWIG
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CDF Run Il Preliminary

z -
S 10'1 | H 1 'fltz
-
©
-2
10 |
. -
3 i + :
10 E P71l = OPE data (stat. only)
= POMWIG : H1-fit2
= = =« Background
4 m POMWIG + Background

ISMD 2006

Excess of events 1n data
observed at high Rjj

Is this an exclusive signal?
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Inclusive+EXxclusive Dijet: MC vs Data

Events

CDF Run Il Preliminary CDF Run Il Preliminary .

C F =15.0+1.2% + DPE data (stat. only) -g C F =15.8+1.3% »  DPE data (stat. only)
600:— oxcl (staE on|y) """ POMWIG: CDF&H1 Q 600:— oxcl (sta[ on|y) """ POMWIG: CDF@H1
- ) ExHuME T - [ Exclusive DPE (DPEMC)
500 Best Fit to Data 500/ Best Fit to Data
- 3.6 < [ng,,| <5.9 - 3.6 < [ng,,| <5.9
4003_ Ef? > 10 GeV 4003_ Ef? > 10 GeV
B jet3 = jet3
3001 ! + B <5Gev 300 -t Eff<5Gev
2000 2000
100 100
0: . . — — L i---l—-d . 0: . . s S A NI T I follol MU, .
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
R =M /M, R =M /M,
i i
ExHuME : gg — gg Exclusive DPE (in DPEMC) :
LO matrix element event generator based on PP— 2 jets
pQCD calculations of KMR Regge inspired non-perturbative production

of excl. events based on BL

The excess at high R;; is well described by the two exclusive dijet
production models
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Heavy Flavor Jet Fraction vs R,:,:

Theory

09 — gg contribution is dominant in LO
09 — Qg is supressed when M ; >>m,

Experimental Method - using b/c-Quark Jets
look for the suppression of b-quark
jet fraction in the exclusive region
many exp. systematics canceled out
HF quarks identifies well

=
N
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- R
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Results:

CDF Run Il Preliminary

< 151 DPE data (SVT)
o
Vo i |:| Systematic Uncertainty
3 L

g | |

g 1 +__+_ -----------------------------------------------
L =

3 | |

E L
W 0.5~ EFY(RAW)> 10 GeV

- |njet| <1.5

004 02 03 04 05 06 07 08 09 1
R =M /M,
n |
Ratio of b/c-jets to all jets
(normalized to the mean in Rjj<0.4)

Decreasing trend observed
at high R
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Comparing Inclusive Jet and Heavy

Flavor Jet Results

CDF Run Il Preliminary

= 1.5 DPE data (SVT) CDF Run Il Preliminary

V_ B |:| Systematic Uncertainty L B

X ' - ° 1-Fi=1 - [Fogine / {Fogina(R;<0.4))]

3 [ | L F ~ 08+ o 1-F,=1-(MC,,/Data,,)

L\I.f 1, | __ I -------------------------------------- / 1 0 6:—|:| 1-F, Systematic Uncertainty L}
3 | | L MC, = POMWIG + Background
£ i 04 (CDF&H1-fit2)

u_'n 0_57 El-l?t(RAW) s 10 GeV _+_ - normalized to Dataim, at Rjj<0'4 ' N

i |njet| <1.5 0.2

P I A I B I IR B I I
0 01 02 03 04 05 06 0.7 08 09 1

F, : stat. error only |

R, = M./M, e s it T
CDF Run Il Preliminary 02‘
2 I ~“0 01 02 03 04 05 06 07 08 09 1
1 CDF®H1-fit2
® 10 L =
5" _ _ B F2 R, = M./M,
E 2 : * ) --I-I_ -.-"'_._ /
10 -, -
Tl f S The two results are consistent
2 st BT with each other
4 [~ m POMNIG + Background 1
10 | s s e s S — ——— L1 )
¢ 02 04 06 0.8 1T 1.2
R, =M, /M, -
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Exclusive Dijet Cross Section

CDF Run Il Preliminary
.. B
B ., Data corrected to the hadron level “o 102 ExHuME (Hadron Level)
10°L + ."""n -g. S = "..'* ----- Default
E T, . : o - P #  Derived from CDF Run Il
= F . el Seve DPE (DPENE) O o Preliminary 2= (E}™")
102 E + ””"”'ru, IRRRED Yeaa, E = - Tea |:| Systematic Uncertainty
F e, E SERRS —+.,
o ‘o, EXHUME - E "
- + ”’-'f.-,,h”r © - '_ht
0L iy, aF T
E B2 P * """"""""""" 107 <2 —t...
B etl, 2 <25 [ . ~
e, : i 6cn <9 ——
- ooacgcoon b E[E F 0.03<5;<008
Al L | ) Sy e by
10735 1520 25 30 35 10726 ~—20 60 80 100 120 140 160
min
Jet ET" (GeV) M, (GeVic')
E. dependence of the exclusive ExHuME MC agrees with cross section
dijet cross section strongly prefers as function of the dijet mass, M
ExHuME MC based on KMR
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Exclusive ete- Production

|

PP~ peep

good control sample

for pp — PP search

Select e*e” events:
reconstruct e*e
request no additional calorimeter activity

protons are not tagged .

16 similar events are found
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Exclusive ete- Production

CDF Run Il Preliminary
0.8 @ Data (no BG subtracted)

0.7 E LPAIR MC

0.6
0.5
0.4
0.3
0.2
0.1

1/N dN/d(A ¢)

T

3.05 3.1 3.15
A ¢ (rad)

L
02.8 285 29 295 3

Backgound estimate 217,

+0.5
Oup = 1.67 o> (stat) £ 0.3(sys) pb
o par =1.711£0.008 pb
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E, of second electron

Number of Events

ISMD 2006

30 CDF Run Il Preliminary
' ' #  Data (no BG subtracted)
25 LPAIR MC
20 -
. :
15 - -:
10 * 3
- * 3
5 -"‘ -
0 1 1 1 1 1 -
0 5 10 15 20 25 30
E; of leading electron
CDF Run Il Preliminary
20 ! ! ! « Data
18 [ JLPAIR MC
16 []Z— eeData

00 10 20 30 40 50
Number of Additional Clusters
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Exclusive yyProduction

PP2PYyyP

Exclusive gg events:

select in the same way as e*e,

(except for tracking)

agreement of exclusive e*e” cross section
provides cross check of the methodology

Christina Mesropian
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3 events are found
17 events are predicted from ExHUME MC

Background estimate is not yet complete
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summary

New CDF results on Diffraction

Diffractive Structure function

Extended Run I results using single diffractive dijets
no Q? dependence
slope at t=0 is independent of Q?

Exclusive Production

observed excess events at high R;; being consistent
with exclusive dijets

observed events being consistent with exclusive gg production

exclusive e"e production — cross check for di-photons

Christina Mesropian ISMD 2006
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Backup slides
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Run |l Detectors

CDF
RP2 Bsca B3C3 BS3C2
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Diffractive W (Z) Production

Study diffractive W-boson production, and the partonic structure of
the Pomeron by a comparison to the diffractive dijet production

Analysis in progress

P i i T'%;g;m i

Y
Y

ol

Rate lower by order o
+ 1 associated jet

Run I: R, (SD/ND) = 1.15 #® 0.51(stat) = 0.20(syst) %o
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The Diffractive Structure Function:

Run |

=
it - H1 fit-2 ~+- CDF data
L ] .
(00 - H1 fit-3 EF'2>7 GeV
Q=75 GeV?) 0.035<& < 0.095
: |t]<1.0GeV?
10 |
1 L
0.1 _ — H12002¢,D QCD Fit (prel.) R
E L L PR S B R A | . . ' L
0.1 1

discrepancy in normalization

QCD factorization breakdown
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Regge factorization holds

Pomeron exchange <
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